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Fig. 2A Steps involved in Deriving the Control Algorithm - Part A 



Create a mode! of compressor and heat exchanger 
and upstream and/or downstream pipelinc(s), 
compressor(s), and heat exchangers) (step 50). 
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Run the model based on the current actual operating 
conditions (i.e. gas flow rate, gas temperature and 
pressure conditions) of heat exchanger to be 
optimized. Determine whether or not the calculated 
temperature and pressure conditions upstream and 
downstream of heat exchanger reflect the actual 
conditions within an acceptable level of accuracy? If 
not, then modify the model as required (step 52). If 
yes, then proceed to step 54. 



Determine the actual temperature differential 
between the heat exchanger inlet gas and ambient air 
for the average Spring, Summer, Fall, Winter and 
peak high and peak low ambient air temperature day, 
based on operating records for the heat exchanger 
being modeled. Record this information (step 54). 



Determine the actual average gas flow rate and peak 
high and low gas flow rates through the compressor 
and the corresponding compressor discharge gas 
pressure at these flow rates, based on operating 
records for the compressor associated with heat 
exchanger being modeled. Record this information 
(step 56). 



Determine the percentage of compressor gas flow 
typically diverted through the heat exchanger and the 
corresponding pressure loss across the exchanger, 
given the actual average gas flow rate and peak high 
and peak low gas flow rates through the compressor, 
based on operating records for the heat exchanger 
being modeled. Record this information (step 58). 



Determine the percentage of the total number of heat 
exchanger cooling fans that typically would be 
utilized to cool the gas during the average Spring, 
Summer, Fall, Winter and peak high and peak low 
ambient air temperature day, based on operating 
records for the heat exchanger being modeled. 
Record this information (step 60). 



Run the model using the compressor gas flow rate, 
compressor discharge gas pressure and the 
temperature differential between the heat exchanger 
inlet gas and ambient air, corresponding to the 
average Spring day, with 100 % of the compressor 
gas flow rate diverted through the exchanger (i.e. 0 
% exchanger bypass flow) and all of the cooling fans 
operating. Record the following information from the 
output data (step 62); 

• percentage of gas flow through the heat 
exchanger 

• pressure loss across the heat exchanger 

• compressor suction and discharge gas pressure 
and temperature for all of the compressors in 
the model 

• power requirements for all of the compressors 
in the model 

• incremental change in compression power from 
the baseline power requirement (identified in 
the operating records) for all of the compressors 
in the model 
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Vary the gas flow rate through the heat exchanger 
from 1 00 % to 0 % of the total compressor gas flow 
rate, in 10 % increments, recording the same data as 
stated above in step 62, for each gas flow rate 
increment (step 64). 



Plot the heat exchanger gas flow rate percentage 
along the "X" axis and the total incremental change 
in compression power (from all of the compressors in 
the model) along the "Y" axis (step 66). 



From the graph plotted in step 66 determine the 
minimum power required to transport the given gas 
flow rate through the pipeline(s). This point 
coincides with the optimum heat exchanger gas flow 
rate (step 68). 



Continued in Part B, below 
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Fig. 2B Steps involved in Deriving the Control Algorithm - Part B 




Determine the optimum heat exchanger gas pressure 
differential associated with the optimum exchanger 
gas flow rate and record this information together 
with the corresponding temperature differentia] 
between the heat exchanger inlet gas and ambient air 
(step 70). 



Repeat steps 62 through 70 for various temperature 
differentials between the heat exchanger inlet gas and 
ambient air to obtain at least five other optimum 
operating points (i.e. repeat for the average Summer, 
Fall, Winter and peak high and peak low ambient air 
temperature days) (step 72). 
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Plot the temperature differential between the heat 
exchanger inlet gas and ambient air along the "X" 
axis and the optimum heat exchanger gas pressure 
differential along the "Y" axis for the six optimum 
operating points produced after completing step 72 
(step 74). 



Determine whether or not the temperature and 
pressure conditions upstream and downstream of heat 
exchanger predicted upon implementation of the 
control algorithm reflect the actual conditions within 
an acceptable level of accuracy? If not, then modify 
the control algorithm as required (step 80). If yes, 
then no further steps are required. 



Determine the mathematical relationship between the 
temperature differential (between the heat exchanger 
inlet gas and ambient air) and the optimum heat 
exchanger gas pressure differential based on the 
graph constructed in step 74. The mathematical 
equation for the line joining the different data points 
results in a basic heat exchanger control algorithm 
for the modeled exchanger (step 76). 



1 

Repeat steps 62 to 76 for at least two different gas 
flow rates (i.e. peak high and peak low gas flow rates 
through the compressor) to determine the sensitivity 
of the heat exchanger control algorithm to changes in 
flow rates. This information can then be utilized to 
modify the control algorithm to account for changes 
in gas flow rate (step 78). 
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Fig. 3 Heat Exchanger Management Device Schematic - Embodiment One 
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Fig. 4 Heat Exchanger Management Device Schematic - Embodiment Two 
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Fig. 5 Heat 



Exchanger Management Device Schematic - Embodiment Three 
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Fig. 6 Heat Exchanger Management Device Schematic - Embodiment Four 
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Fig. 7 Heat Exchanger Management Device Schematic - Embodiment Five 
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Fig. 8 Heat Exchanger Management Deviee Schematic - Embodiment Six 
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Fig. 9 Heat Exchanger 



Management Device Schematic - Embodiment Seven 
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Fig. 10 Heat Exchanger Management Device 



Schematic -Embodiment Eight 
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Fig. 1 1 Heat Exchanger Management Device Schematic - Embodiment Nine 
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Fig. 12 Heat Exchanger Management Device Schematic 



- Embodiment Ten 
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Fig. 13 Heat Exchanger Management Device Schematic 



- Embodiment Eleven 
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Fig . 14 Net Power Savings through Gas Cooling 
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optimum amount of cooling = 
maximum net power savings 
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Fig. 15 Optimum Amount of Cooling 
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benefits of cooling 
at various ambient temperatures 
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Fig. 16 Benefits 



ofCoolingat Various Ambient Temperatures 
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basis for algorithm 

(AT = unit discharge temp - ambient temp) 
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Fig. 17 Basis for the Control Algorithm 
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